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TONER HAVING_3I^LAYER_ 
OR TRIPLE -LAYER 



Technical Field 



The present invention relates to a toner having a 
do uble- or triple-layered structure with a superior 
we atherability. Xn more detail, the present invention 
, relates to weatherproof toners having a double- or triple- 
iayered structure in which pigments and charge control 
agents are located most properly for the realization of 
High-resolution toners through addition and polymerisation 
of hydrophilic monomers or polymers with the toners, the 
a ^nufacture of high-resolution toner, becomes very easy 
irrespective to the kind and amount of a wax used for 
pcly.eri.ed toners by forming thin layers by using polar 
grafting agents; and long-term preservation is assured as 
well as the affect by moisture is minimized. 

20 

Backgroun d Art 

Generally, toners are used for the development of 
electronic photographs, electrostatic printers, copying 
25 m achines, etc. and refer to pigments used for the 
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development of piotorial images in printed materials during 
the printing work. It has been the aotual situation that 
the demand for image -formation devioes such as printers, 
etc. has been increased rapidly, and consequently, the 
5 amount of use of toners has been increased as the 
preparation for documents using computers and similar works 
has been generalized recently. 

There are many methods of manufacturing toners. In 
the melting-mixing process, which is the most widely known 
10 general method, resins and pigments are put together, 
melted ■ and mixed or extruded. and pulverized and 
classified in order to manufacture toner particles. 
However, the toner particles manufactured according to the 
above process have been problematic in their charging or 
U flowing property since they have a wide distribution of 
particle sizes and very irregular shapes such as sharp 
edges , etc . 

in order to resolve the above problem, methods of 
manufacturing spherical toner particles according to the 
20 polymerization method have been presented. As concrete 
methods by the above polymerization method, emulsion 
polymerization method and suspension polymerization method 
have been known. At present, the suspension polymerization 
is preferred since the emulsion polymerization is more 
25 complicated process. 
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The method of manufacturing toners by the suspension 
polymerization is disclosed in the U.S. Patent No. 
6,337,169. What is claimed in this patent is that the 
pigment included in a wax forms pictorial images promptly 
5 with the wax since the wax is melted promptly when the 
toner is fused at a high temperature if only the fixed part 
of a pigment is melted in the wax, thus enabling the 
formation of high-quality pictorial images. The structure 
of the wax at that time is in one or a few large spherical 
10 shapes in the central binder portion, and is in the sea- 
island-sea shape on the whole. However, in' order for the 
wax to have such structure, the type of the wax used for 
the binder has to be limited. Further, there have been 
problems that the fixed part of the pigment in the toner 
15 has been melted in the wax, and the remainder has been 
dispersed in the binder, or all of the pigments are 
dispersed evenly in the binder; and the charge control 
agent, assuming the most important role in the charging 
characteristics of toners, has failed to have been located 
20 at the outer side efficiently as well. Still further, 
there has remained the problem of excessive absorption of 
moisture according to the increased amount of charging 
although the amount of an electric charge on the surface of 
toners is increased. 
25 in other words, in order to form high-quality 
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pictorial images, the development of toner particles, 
capable of increasing the surface concentration of the 
charge control agent in the toners irrespective to the type 
of the wax and stopping the subsequent absorption of 
moisture, has been demanded continuously. 



Disclosure of the Invention 



The present invention is provided with in order to 
more efficiently resolve the problems of the prior art as 
described above. 

The objects of the present invention are, therefore, 
to implement a high charging effect and a high image 
density (I.D.) by manufacturing a core through suspension 
polymerization of binder resin monomers, molecular weight 
controlling agents, pigments, charge control agents, 
dispersion agents, anionic surfactants, waxes, polar 
grafting agents and hydrophilic monomers, and thus locating 
the charge control agents and pigments toward the surface; 
and to provide with highly weatherproof toners 
characterized by having a double -layered structure by being 
manufactured with the further formation of a shell in the 
hard portion on the core in order to solve problems of 
long-term preservation and absorption of moisture coming 
from the use of hydrophilic monomers . 
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Another object of the present invention is for 
hydrophilic polymers to have a double -layered structure in 
which the outer side of toners is surrounded by the 
hydrophilic polymers as binder resin monomers, molecular 
weight controlling agents, pigments, charge control agents, 
dispersion agents, anionic surfactants, waxes, polar 
grating agents, and hydrophilic polymers are manufactured 
through suspension polymerization. Here, the toners have a 
high charging effect and image density as the pigments and 
charge control agents are concentrated on the hydrophilic 
polymer layers forming double layers. Further, in order to 
solve the problems of long-term preservation and absorption 
of moisture, highly weatherproof toners characterized by 
having a triple -layered structure by further forming a 
shell in the hard portion are provided with in the present 
invention. 

The present invention further provides with high- 
resolution and superior toners having a single -layered 
structure by being manufactured through suspension 
0 polymerization of binder resin monomers, molecular weight 
controlling agents, pigments, charge control agents, 
dispersion agents, anionic surfactants, waxes, polar 
grafting agents, and hydrophilic monomers. 

Also, the present invention provides with high- 
,5 resolution and superior toners having a double -layered 
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structure by being manufactured through suspension 
polymerization of binder resin monomers, molecular weight 
controlling agents, pigments, charge control agents, 
dispersion agents, anionic surfactants, waxes, polar 
5 grafting agents, and hydrophilic monomers. 

Still further, the present invention provides with 
high-resolution and highly weatherproof toners having a 
double-layered structure by forming a single- layered 
structure through suspension polymerization of binder resin 
10 monomers, molecular weight controlling agents, pigments, 
charge control agents, dispersion agents, anionic 
surfactants, waxes, polar grafting agents, and hydrophilic 
monomers and manufacturing a shell which is a rigid layer 
by inputting styrene monomers and cross-linking agent on 
15 top of the single-layered structure. 

Still yet further, the present invention provides 
with high-resolution and highly weatherproof toners having 
a triple-layered structure by forming a double -layered 
structure through suspension polymerization of binder resin 
20 monomers, molecular weight controlling agents, pigments, 
charge control agents, dispersion agents, anionic 
surfactants, waxes, polar grafting agents, and hydrophilic 
polymers and manufacturing a shell which is a rigid layer 
by inputting styrene monomers and cross-linking agent on 
25 top of the single-layered structure. 



6 



PCT/KR2004/000813 

WO 2004/090644 



The above-described hydrophilic monomer is one or 
more kinds of compounds selected from the group consisting 
of acrylic acid, methyl methacrylate, and acetate, and its 
content may be 0.1 to 20 parts by weight with respect to 
5 the total weight of the monomer mixture. 

The above-described hydrophilic polymer is one or 
m ore kinds of polar polymers selected from the group 
consisting of polyester -group and styrene acrylic polymers, 
and its content may be 0.1 to 20 parts by weight with 
10 respect to the total weight of the monomer mixture. 

The above-described polar grafting agent is one or 
• more kinds of compounds selected from the group consisting 
of ethylene dimethacrylate, ethylene glycol dimethacrylate, 
diethylene glycol diacrylate, 1 , 6-hexamethylene diacrylate, 
15 allyl methacrylate, 1 , 1, 1-trimethylol propane triacrylate, 
and triallyl amine, and its content may be 0.001 to 10 
parts by weight with respect to the total weight of the 
monomer mixture. 

The above-described binder resin monomer is one or 
20 more kinds of monomers selected from the group consisting 
of aromatic-vinyl-group, acrylate -group, methacrylate -group, 
diene-group, acidic-olef in-group, and basic-olef in-group 
monomers, and its content may be 0.1 to 20 parts by weight 
with respect to the total weight of the monomer mixture. 
25 The above-described pigment is one or more kinds of 
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inorganic pigments selected fro. the group consisting of 
m etallic-powder-type. metal -oxide -type, carbon-type, 
sulfide-type, chromate-type, and f errocyanide-type 
pigments; or one or .ore kinds of organic pigments selected 
f ro m the group consisting of aso-type, acidic-pigment-type, 
basic-pigment-type, n^.d^igment-type, phthaiocyanine. 
^inacridone-type. and dioxane-type pigments, and xts 
content may he 1 to X00 parts hy weight with respect to the 
total weight of the monomer mixture. 

The above-described charge control agent is one or 
m ore kinds of cationic charge control agents selected from 
the group consisting of ni^rosine^Ee electron acceptor 
plants, highly aliphatic metallic salts, alkoxy amines, 
chelates. guartemary a^onium salts, alkyl amides, 
15 nuorinated activating agents, and naphthalic acid metallic 
salts; or one or more kinds of anionic charge control 
agents selected from the group consisting of electron 
acceptor organic complexes. chlorinated paraffins, 
chlorinated polyesters, polyesters containing an excessive 
2 0 amount of acids, styrene-acrylic polymers containing the 
sulfonyl amine of copper phthaiocyanine and sulfonic acid 
radical, and its content may he 0.0! to 20 parts hy weight 
with respect to the total weight of the monomer mixture. 

The above-described dispersion agent is one or more 
25 kinds of inorganic dispersion agents selected from the 
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grou p consisting of calcic phosphate, magnesium salts, 
hyd rophilic silioa, hydrophobic silica, and colloidal 
S ilica ; or one or more Kinds o£ water-soluble organic 
polymer dispersion agents selected fro. the group 
5 consisting of one or more Kinds of non-ionic poller 
dispersion agents selected from the group consisting of 
poly(oxyethylene) alkyl ethers, poly (oxyalkylene, alkyl 
phenol ethers, sorbitan fatty acid esters, 
poly (oxyalkylene) fatty acid esters, glycerine fatty acid 
« esters, polyvinyl alcohols), alkyl cellulose, and 
poly (vinyl pyrrolidone, , and one or more Kinds of ionic 
polymer dispersion agents- selected from the group 
consisting of poly(acryl amides,, polyvinyl amine), 
polyvinyl amine) N-oxide, polyvinyl ammonium salts, 
u polydialkyl diallyl a^onium salts, polyacrylic acid, 
polystyrene sulfonic acid, polyacrylic acid salts, 
polystyrene sulfonic acid salts, and polyaminoalkyl acrylic 
acid salts, and its content may be 0.01 to 10 parts by 

„ *.„ t-H*» t-otal weiqht of the monomer 
weight with respect to the total weig 

20 mixture . 

The above-described anionic surfactant is one or more 
kinds of compounds selected from the group consisting of 
fatty acid salts, alkyl sulfuric acid ester salts, alkyl 
allyl sulfuric acid ester salts, dialkyl sulfosuccinates. 
2 5 and alkyl phosphates, and its content may be 0.00! to 20 
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parts by weight with respect to the total weight of the 
aqueous solution. 

The above-described wax is one or more kinds of 
petroleum refined waxes selected from the group consisting 
5 of paraffin waxes, microcrystalline waxes, and ceresin 
waxes, or natural waxes that are carnauba waxes, or one or 
m ore kinds of synthetic waxes selected from the group 
consisting of polyethylene and polypropylene, and its 
content may be 0.01 to 30 parts by weight with respect to 
10 the total weight of the monomer mixture. 

The above-described molecular weight controlling 
agent is one or more kinds of mercaptane-group compounds 
selected from the group consisting cf t-dodecyl mercaptane 
and n-dodecyl mercaptane, and its content may be 0 . 1 to 8 
15 parts by weight with respect to the total weight of the 
monomer mixture. 

Hereinafter, the present invention is illustrated in 

more detail as follows: 

In order to obtain high-quality pictorial images, 
20 when printing by locating more than the fixed amount of a 
pigment on the surface of a binder, it is more efficient 
for obtaining a vivid-colored quality to have the pigment 
come out through the shortest route rather than to have the 
pigment melted in the wax located inside of the resin and 
25 come out to the surface through the long route of the resin. 



10 



WO 2004/090644 



PCT7KR2004/000813 



Th e difference in vividness may be appreciated with naked 
eyes even in the coior of toner particle, in the reactor 
d uring polymerization. Also, by locating the charge 
control agents as well as the pigments at the outer side of 
5 toner particles, it is possible to increase efficiently the 
amount of a charge density known experimentally in the past 
even with a small amount of the charge control agent. Such 
high charge density assumes a very important role in the 
f ormation of a high pictorial guality when printing. 
. Moreover, it is possible to maximize the long-term 
preservation and resistance to moisture of toners by 
forming thin layers onto them, where the thickness of thin 
layers is less than 3 y-m. 

In the present invention, in order to have the 
M pigments and charge control agents located on the surface 
of toners, besides styrene-acrylate-group monomers used for 
typical polymerized toners, hydrophilic auxiliary polymers 
(such as polymethyl methacrylate, polyesters, etc., or 
hyd rophilic monomers (such as acrylic acid, acrylate-group 
» monomers, etc., are u S ed. In other words, during core 
polymerization using suspension polymerization, by having 
the hydrophilic portion located at the outer side of the 

amount of hydrophilic t^ers or hydrophilic polymers, a 
25 large amount of the pigment and charge control agent rs 
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located on the surface of toners through the interaction 
among the hydrophilic portion, pigment, and charge control 
agent. However, the greatest problem with the introduction 
of such hydrophilic portion is that a clotting phenomenon 
occurs as the toner absorbs moisture due to the affinity to 
water, and eventually, the toner may not be used when 
printing, if more than the fixed amount of the hydrophilic 
portion is inputted. Accordingly, in the present invention, 
in order to prevent the clotting phenomenon of toners and 
0 to improve long-term preservation, grafting agents are 
introduced newly and included in monomers, and their thin 
layers within a range not harming the color and charge 
density are coated on the surface of the core when printing. 
After the core polymerization where the thin layers are 
15 coated, a shell is formed in the hard portion by inputting 
monomers again, where the formation of the shell becomes 
more efficient by using grafting agents, as a result of 
which the toners that are not sensitive to moisture but can 
meet a high charge density and a vivid color simultaneously 
20 may be polymerized. If the shell is made by inputting 
lipophilic monomers or polymers without using grafting 
agents, thin layers are not formed readily as the monomers 
are diffused rapidly into the core, and the monomers 
inputted later form their own new areas within the core. 
25 The toners provided with according to the present 
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invention have a core-shell structure, and manufactured 
according to the suspension polymerization method. 

(1) Step of manufacturing the core of a toner 
5 m the manufacture of the core of a toner, firstly. 

0.01 to 10 parts by weight of a hydrophilic dispersion 
agent and 0.01 to 10 parts by weight of a surfactant with 
respect to the weight of an aqueous solution are prepared 
for. secondly, a monomer complex including 0.1 to 20 parts 
10 by weight of binder resin monomers including 30 to 90 parts 
by weight of aromatic vinyl-group monomers with respect to 
the total weight of the monomer mixture, 5 to 70 parts by 
weight of one or more kinds of monomers selected from the 
group consisting of acrylate-group monomers, methacrylate- 
15 group monomers, and diene-group monomers with respect to 
the total weight of the monomer mixture, and 0.1 to 20 
parts by weight of an acidic or basic olefin-group monomer 
with respect to the total weight of the monomer mixture; 
0.1 to 20 parts by weight of a hydrophilic monomer or a 
20 hydrophilic polymer with respect to the total weight of the 
monomer mixture; 0 . 1 to 8 parts by weight of a molecular 
weight controlling agent with respect to the total weight 
of the monomer mixture; 1 to 2 0 parts by weight of a 
colored pigment with respect to the total weight of the 
25 monomer mixture; 0.01 to 30 parts by weight of a wax with 
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respect to the total weight of the monomer mixture; 0.001 
to 10 parte by weight of a polar grafting agent with 
respect to the total weight of the monomer mixture; 0.01 to 
20 parts by weight of a charge control agent with respect 
5 to the total weight of the monomer mixture; and 0.01 to 5 
parts by weight of a polymerization initiator with respect 
to the total weight of the monomer mixture is prepared for. 
Then the monomer complex and the mixture which is prepared 
for by having 1 to 60 parts by weight of the hydrophilic 
,0 dispersion agent are suspension-polymerized while adding 
the shearing force. 

(2) Step of formation of the shell of a toner 
A shell is formed by inputting 1 to 30 parts by 
15 weight of a styrene-group monomer and 0 to 5 parts by 
weight of a cross-linking agent to the core manufactured in 
the above step (1) in order to manufacture a core-shell- 
structured toner. 

20 (3) Post-processing step 

The final toner particles are obtained by removing 
the dispersion agent from the solution containing the core- 
shell-structured toner manufactured in the above step (2) 
in a proper method, separating the toner by repeating the 
25 washing process and filtering process, and drying it at a 
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room te^erature for 4B hours by using a vacuum oven. The 
„ t of the pigment ana degree of the charge density may 
be controlled according to the amounts and types of 
hydrophilic monomers and polymers inputted. 

in the above, for monomers, one or more kinds of 
monomers seiected from the group consisting of aromatic 
vinyl-group and acrylate-group, methacrylate-group, and 
di ene-group monomers are used, and selectively, acidic or 
basic olefin-group monomers may be used. 

Tne above-described aromatic vinyl-group monomers 
inc lude styrene. monochlorcstyrene . methyl styrene. 

wi th one or more kinds of such confounds. It is preferable 
to use 30 to 90 parts by weight of an aromatic vinyl-group 

mixture. The reason for limiting the content of an 
aromatic vinyl-group monomer to 30 to 9 0 parts by weight is 
to adjust Tg of the polymerized toner. Generally, if less 
than 30 parts by weight of the aromatic vinyl-group monomer 

to the fusing roller during printing, and therefore, 
problems such as hot offset, etc. may occur,- and if greater 
than 90 parts by weight of such monomer is used, Tg of the 
toaer becomes too high, the toner is not melted 
25 S u f ficiently during printing, and therefore, the problem of 
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greatly lowering settling on sheets of paper may occur. 

The above-described acrylate-group monomers include 
methyl acrylate. ethyl acrylate. n-butyl acrylate, isobutyl 
acrylate. dodecyl acrylate, 2-ethylhexyl acrylate, etc.,- 
5 methacrylate-group monomers include methyl 

.thyl methacrylate, n-butyl methacrylate, isobutyl 
methacrylate. dodecyl methacrylate, 2-ethylhexyl 

methacrylate, etc.; and diene-group monomers include 
butadiene, isoprene, etc., which may be used singly or 
10 mixed with one or more kinds of such compounds. It is 
preferable to use 5 to 70 parts by weight of the above 
monomer with respect to the total weight of the monomer 
mixture. As mentioned in the above, the reason for 
limiting the weight of the monomer to 5 to 70 parts by 
U weight is to prevent the problems that may occur during 
printing by adjusting Tg of the toner to a proper level. 

The above-described acidic olefin-group monomers 
include a- or p-ethylene compounds having carboxylic 
radicals, etc.; and basic olefin-group monomers include 
20 methacrylic acid esters, methacryl amides, vinyl amine, and 
diallyl amines of aliphatic alcohols, their ammonium salts, 
etc. having amine radicals or quaternary ammonium radicals, 
which may be used singly or mixed with one or more kinds of 
such compounds. It is preferable to use 0 . 1 to 20 parts by 
25 weight of the above-described acidic olefin-group monomer 
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or basic olefin-group monomer with respect to the total 
weight of the monomer mixture. The acidic or basic olefin- 
gr oup monomer is added in order to improve the charging 
characteristic of the surface. However, if its content 
, excee ds 20 parts by weight, it has a negative affect on the 
taction stability during the polymerization of the toner 
and a large amount of coagulum is generated after 

polymerization . 

The above-described hydrophilic monomers include 
0 acrylic acid, methyl methacrylate. acetate, etc., which may 

pounds. It is preferable to use 0.1 to 20 parts by 
weight of the above hydrophilic monomer with respect to the 
total weight of the monomer mixture. If its content is 
15 leS s than 0.1 part by weight, the desired effect, i.e., 
effective positioning of the charge control agents and 
pigments on the surface of the toner is failed; if xt 
exceeds 20 parts by weight, the reaction stability rs 
Xowered in suspension polymerization which is reacted in 
20 water. 

The above-described hydrophilic polymers include 
polyesters, styrene acryls, etc., which may be used singly 
or mixed with one or more Kinds of such compounds. It rs 

25 hydrophilic polymer with respect to the total weight of the 
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corner mixture. If the content of the hydrophilio polymer 
is leas than 0.1 parts by weight, it is not possible for 
the hydrophilio polymer to form the polymer layer on the 
surface of the toner efficiently; if it exceeds 20 parts by 
weight, the reaction stability is disturbed as the phase 
separation occurs during polymerization. 

It is possible to use oily initiators and aqueous 
initiators for the above-described polymerization 
initiators. Their concrete exa^les include azo-group 
0 initiators such as bis-isobutyronitrile, azobisdimethyl 
valeronitrile, etc.; organic peroxides such as benzoyl 
peroxide, lauroyl peroxide, etc.; and usual aqueous 
initiators such as potassium persulfate. ammonium 
persulfate. etc. It is preferable to use 0.01 to 5 parts 
15 by weight of a polymerization initiator with respect to the 
total weight of the monomer mixture. If its content is 
less than 0.01 parts by weight, there remain unreacted 
materials; if it exceeds 5 parts by weight, the reaction 
speed "is too fast and the reaction stability is lowered. 
20 Mercaptane-group compounds such as dodecyl mercaptane, 

n-dodecyl mercaptane, etc. may be used for the above- 
described molecular weight controlling agents, which may be 
used singly or mixed with one or more kinds of such 
compounds. It is preferable to use 0.1 to 8 parts by 
25 weight of the above-described molecular weight controlling 
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^e. X macular weight controlling agent is added xn 
ord er to further i^ro.e settling of the toner during 
Minting by lowering the molecular weight, hut .ay not he 
added, if necessary. If its content exceeds S parts h y 
weight, the molecular weight becomes very -11 and hot 
offset occurs during printing. 

The above-described pigments include inorganic 
pigments such as metallic-powder-type pigments, and metal- 
, oxide-type, carbon-type, sulf ide-tvpe, chrome -type, 
£er rocyanide-type pigments,- and organic pigments such as 
azo . type , acidic-pigment-type, basic-pigment-type, 
pigment-type, phthalocyanine , guinacridone-type. and 
di oxane-type pigments, which .ay he used singly or coined 
a wi th one or m ore xinds of such co^ounds . Xt is preferable 

mi xture. If the content of the pigment is less than 1 part 
by . weight, it is not pcssihie to lament the desired 
2 „ color sufficiently; if it exceeds 20 parts hy weight, it rs 
difficult for the monomer and pigment to be diffused. 

Th e ahove-described charge control agents include 
cationic charge control agents such as n^sine.type 
electron acceptor pigments, highly aliphatic metallic salts, 
25 alxoxy amines, chelates, guarternary a^oniun, salts, alxyl 
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amides , fluorinated activating agents, metallic salts of 
n aphthalic acid, etc.; or anionic charge control agents 
su ch as electron acceptor organic complexes, fluorinated 
paraffins, fluorinated polyesters, polyesters containing an 
excessive amount of acids. sulfonyl amine of copper 
phthalocyanine, styrene-acryl-group polymers including 
eu lfonic acid radicals, etc.. which may be used singly or 
mi xed with one or more Kinds of such compounds. It rs 

0 described charge control agent with respect to the total 

m -i*ture If its content is less than 
weight of the monomer mixture, xi 

0.01 parts by weight, it is not possible to have a 
su£fi cient charge density which is necessary for printing; 
i£ it exceeds 20 parts by weight, an unnecessarily high 
15 charge density is obtained and the pictorial guality is 
lowered during printing. 

The above-described dispersion agents " include 
organic dispersion agents, water-soluble organic polymer 

Mta etc Concrete examples of inorganic 
dispersion agents, etc. 

2 „ aspersion agents include calcium phosphate, magnesium 
salts, hydrophilic silica, hydrophobic silica, colloidal 
silica, etc.; of water-soluble organic non-ionic polymer 
dispersion agents include poly (oxyethylene, alHyl ether, 
poly(oxyal k ylene, alKyl phenol ether, sorbitan fatty acid 
25 ester, poly CoxyalXylene, fatty acid ester, glycerine fatty 
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acid ester, Polyvinyl alcohols), al k yl cellulose. 
poly( vinyl pyrrolidone), etc. and of water-soluble cyanic 
ionic poller dispersion agents include polyCacryl abides,, 
polyvinyl amine), polyvinyl amine) H-oxide. polyvinyl 
ionium salts, polydialXyl diallyl ammonium slats, 
polyacrylic acid, polystyrene sulfonic acid, polyacryl.c 
ac io salts, polystyrene sulfonic acid salts, polya.inoal.yl 
aor ylic acid salts, etc. The ebove-described dispersion 

. of such compounds. It is preferable to use 0.01 to 10 
perte by weight of the sbove-described dispersion agent 
with respect to the total weight of the agueous solution. 
I£ its content is less than 0.1 parts by weight, the 
taction stability is disturbed during suspension 

15 polymerization, if it exceeds 10 parts by weight, the 
£ ormation of unnecessary side-reaction materials (elision 

a the sizes of toner particles 

particles) is increased and the size 

may become smaller than those to be implemented. 

Th e ebove-described anionic surfactants include fatty 
20 ecid salts, aDcyl sulfuric acid ester salts, alfcyl allyl 
eulfuric acid ester salts, dialKyl sulf osuccinates, alfcyl 

one or more kinds of such compounds. It is preferable to 

25 enionic surfactant with respect to the total weight of the 
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n Mnn If its content is less than 0.001 parts 
aqueous solution. It its 

=.-=Vvilitv is disturbed during 
by weight, the reaction stability 

pension polymerisation if it exceeds 20 parts by weight. 
the nation of unnecessary side-reaction materials 
5 (e mulsion particles, is increased and the si.es of toner 
par ticles may become seller than those to be implemented. 

Th e above-described polar grafting agents include 

-, ohbvlene glycol dimethacrylate, 

ethylene dimethacrylate, ethylene g y 

■, i ^ arrv late 1,6-hexamethylene diacrylate, 
diethylene glycol diacrylate, J-, ^ 

1*+* 11 l-trimethylol propane triacrylate, 
10 allyl methacrylate, 1,1,1 tri 

wi th one or more xinds of such compounds. It is preferable 

- -v-v, rpsoect to the total weight of 
polar grafting agent wxth respect 

I5 „. If its content is less than 0.001 parts by 
wei ght, it is not possible to form the shell of a hard 

- ™, the core; if it exceeds 10 parts by weight, 
portion made on the core, 

<= rt „ core is over-done and settling of the 
the gelation of the core is 

toner is lowered during printing. 

T he above-described waxes include but are not limited 
S pecially to petroleum refined waxes, natural waxes, and 
synthetic waxes. Concrete exa^les of petroleum refined 
waxe s include paraffin waxes. microcrystalline waxes. 
oeresin waxes, of natural waxes include carnauba waxes, 
25 etc;; and of synthetic waxes include polyethylene, 
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polypropylene, etc., which may be used singly or mixed with 
one or more kinds of such compounds. It is preferable to 
use 0.01 to 30 parts by weight of the above -described wax 
with respect to the total weight of monomers. If its 
content is less than 0.01 parts by weight, settling during 
printing and spreading of the wax on the surface of the 
toner are lowered; and if it exceeds 30 parts by weight, 
the reaction stability is lowered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects, and 
advantages will be better understood from the following 
detailed description of preferred embodiments of the 
invention with reference to the drawings, in which: 

Figure 1 is an approximate diagram showing toner 
particles having a double- layered structure according to 
the present invention; 

Figure 2 is an approximate diagram showing toner 
particles having a triple -layered structure according to 
the present invention; 

Figure 3 is a graph showing the result of measurement 
of the size of toner particles manufactured in Preferred 
Embodiments 1 to 4 and Comparative Examples 1 and 2 using a 
multisizer Coulter counter; and 
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Figure 4 is a photograph showing the result of 
measurement of the shape of toner particles manufactured in 
Preferred Embodiments 2 to 4 and Comparative Examples 3 to 



5. 



BEST MODE FOR CARRYING ™tt THE INVENTION 

The present invention is illustrated in more detail 
through the following preferred embodiments: 

D 

[Preferred Embodiment 1] Manufacture of the single- , 
lavered_^^ 
agents 

15 (1) Step of manufacture of the core of a toner 

10 g portion of polyvinyl alcohol and 1 g of dodecyl 
benzene sulfuric acid ester sodium salt were put into a 
500-ml volumetric flask and melted with 400 g of distilled 
water in order to prepare for an agueous solution, and 
20 heated to 70°C which was a reaction temperature . 

Also, 160 g of styrene, 36 g of butyl acrylate, 4 g 
of acrylic acid, 4 g of allyl methacrylate, 0 . 02 g of n- 
dodecyl mercaptane, and 10 g of cyan pigment were put into 
another container, and mixed at a speed of 2,000 rpm for 2 
25 hours with a bead mill, after which 105 g of the monomer 
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The 



mixture was prepared for by removing the beads 
mixture thus prepared for was put into another container, 
and mixed at a speed of 2,000 rpm for 2 hours with a bead 
mill, after which 105 g of the monomer mixture was prepared 
5 for by removing the beads. The mixture thus prepared for 
was put into the water of 70°C, heated, mixed with 1 g of a 
styrene-acryl-group polymer charge control agent containing 
sulfonic acid radicals and 5 g of a paraffin wax for 20 
minutes, and melted sufficiently. To the monomer mixture 
10 melted sufficiently, 2 g of azobisisobutyronitrile, which 
was a polymerization initiator, was put, and mixed for 5 
minutes in order to prepare for a reaction material. 

The reaction material was put into the aqueous 
solution prepared for in the above, and the reaction was 
,5 continued while mixing at a speed of 10,000 rpm with a 
homogenizer for 20 minutes. After 20 minutes, the core was 
manufactured by mixing with a general mixer at a speed of 
600 rpm for 15 hours. 

2 0 (2) Post-processing step 

A toner was manufactured by repeating sufficient 
washing and filtering of the final toner with water in 
order to remove the dispersion agent and vacuum drying. 



[Pre 



f erred Embodiment 2] Manufacture of a double^ 
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lay^A toner using hvdrophilic monome rs and polar grafting 
agents 

(1) Step of manufacture of the core of a toner 
5 io g portion of polyvinyl alcohol and 1 g of dodecyl 

benzene sulfuric acid ester sodium salt were put into a 
500-ml volumetric flask and melted with 400 g of distilled 
water in order to prepare for an aqueous solution, and 
heated to 70°C which was a reaction temperature. 
10 Also, 160 g of styrene, 36 g of butyl acrylate, 4 g 

of acrylic acid, 4 g of allyl methacrylate, 0.02 g of n- 
dodecyl mercaptane, and 10 g of cyan pigment were put into 
another container, and mixed at a speed of 2,000 rpm for 2 
hours with a bead mill, after which 105 g of the monomer 
15 mixture was prepared for by removing the beads. The 
mixture thus prepared for was put into the water of 70°C, 
heated, mixed with 1 g of a styrene- aery 1- group polymer 
charge control agent containing sulfonic acid radicals and 
5 g of a paraffin wax for 20 minutes, and melted 
20 sufficiently. To the monomer mixture melted sufficiently, 
2 g of azobisisobutyronitrile, which was a polymerization 
initiator, was put, and mixed for 5 minutes in order to 
prepare for a reaction material. 

The reaction material was put into the aqueous 
25 solution prepared for in the above, and the reaction was 
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continued while mixing at a speed of 10,000 rpm with a 
homogenizer for 20 minutes. After 20 minutes, the core was 
manufactured by mixing with a general mixer at a speed of 
600 rpm for 15 hours. 

5 

(2) Step of the formation of the shell of the toner 
The final toner was manufactured by forming a shell 
by putting and mixing the core manufactured in the above 
Step (1), 20 g of styrene as a monomer, 0.12 g of divinyl 
10 benzene as a cross-linking agent, and 0.4 g of 
azobisisobutyronitrile as a polymerization initiator into a 
500 -ml volumetric flask. 

(3) Post-processing step 

15 A toner was manufactured by repeating sufficient 

washing and filtering of the final toner with' water in 

order to remove the dispersion agents and vacuum drying. 

[Preferred Embodiment 3] Manufacture of a double- 
20 layered toner using hydr o nhilic polymers and polar grafting 
agents 

(1) Step of manufacture of the core of a toner 
10 g portion of colloidal silica was dispersed with 
25 400 g of distilled water in a 500-ml volumetric flask in 
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order to prepare for an aqueous solution, and heated to 
70°C which was a reaction temperature. 

Also, 160 g of styrene, 36 g of butyl acrylate, 4 g 
of allyl methacrylate, 0.02 g of n-dodecyl mercaptane, 8 g 
5 of polyester, and 10 g of cyan pigment were put into 
another container, and mixed at a speed of 2,000 rpm for 2 

mixture was prepared for by removing the beads. The 
mixture thus prepared for was put into the water of 70°C, 
,„ heated, mixed with 1 g of a styrene-acryl -group polymer 
charge control agent containing sulfonic acid radicals and 
5 g of a paraffin wax for 20 minutes, and melted 
sufficiently. To the monomer mixture melted sufficiently. 
2 g of azobisisobutyronitrile, which was a polymerization 
15 initiator, was put, and mixed for 5 minutes in order to 
prepare for a reaction material. 

The reaction material was put into the aqueous 
solution prepared for in the above, and the reaction was 
oontinued while mixing at a speed of 10,000 rpm with a 
» homogenizer for 20 minutes. After 20 minutes, the core was 
manufactured by mixing with a general mixer at a speed of 
600 rpm for 15 hours. 

(2) Post -processing step 

A toner was manufactured by repeating sufficient 
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W ashing and filtering of the final toner with water in 
order to remove the dispersion agents and vacuum drying. 

[Preferred Embodiment 4] Man ufacture of a triple^ 
5 isyered_ton 5 r^sin^^ 
polymers 

(1) step of manufacture of the core of a toner 
10 g portion of colloidal silica was dispersed with 
M 400 g of distilled water in a 500-ml volumetric flask in 
order to prepare for an agueous solution, and heated to 
70°C which was a reaction temperature. 

Also, 160 g of styrene, 36 g of butyl acrylate, 4 g 
of allyl methacrylate. 0.02 g of n-dodecyl mercaptane, 8 g 
15 of polyester, and 10 g of cyan pigment were put into 
another container, and mixed at a speed of 2.000 rpm for 2 

mixture was prepared for by removing the beads. The 
mixture thus prepared for was put into the water of 70°C, 
20 heated, mixed with 1 g of a styrene-acryl-group polymer 
charge control agent containing sulfonic acid radicals and 
s g of a paraffin wax for 20 minutes, and melted 
sufficiently. To the monomer mixture melted sufficiently, 
2 g of azobisisobutyronitrile. which was a polymerization 
25 initiator, was put. and mixed for 5 minutes in order to 
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prepare for a reaction material. 

The reaction material .as put into the aqueous 
solution prepared for in the above, and the reaction is 
continued while mixing at a speed of iO.OOC rpm with a 
5 homogenizer for 20 minutes. After 20 minutes, the core is 
manufactured by mixing with a general mixer at a speed of 
600 rpm for 15 hours. 

(2) Step of the formation of the shell of the toner 
The final . toner was manufactured by forming a shell 
by putting and mixing the core manufactured in the above 
Step (1), 20 g of styrene as a monomer, 0.12 g of divinyl 
benzene as a cross-linking agent, and 0.4 g of 
azobisisobutyronitrile as a polymerization initiator into a 
15 500 -ml volumetric flask. 

(3) post -processing step 

A toner was manufactured by repeating sufficient 
washing and filtering of the final toner with water in 
order to remove the dispersion agents and vacuum drying. 



20 



[Comparative Example 1] Manufacture of a ^ingle^, 
ls ^ Is ^ SBS ^_ SS t__ using hydrophilic _ J nonomers_^nd 
hydrophi lic polymers 
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A toner was manufactured in the same method as that 
in Preferred Embodiment 1 or 3 except that hydrophilic 
monomers and hydrophilic polymers were not added. 

5 [Comparative Example 2] M anufact ure^, a double- 

lavej^d^t^er^^ 
hydrophilic polymers 

A toner was manufactured in the same method as that 
10 in Preferred Embodiment 2 or 4 except that hydrophilic 
monomers and hydrophilic polymers were not added. 

[Comparative Example 3] Manuf acture of a d oubly 
layered toner not using pola r grafting agents 



15 



20 



A toner was manufactured in the same method as that 
in Preferred Embodiment 2 except that polar grafting agents 
were not added. 

[Comparative Example 4] Manuf acture of a triple- 
layered tonpr not using polar g raft^ng__agents 



A toner was manufactured in the same method as that 
in Preferred Embodiment 4 except that polar grafting agents 
25 are not added. 
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[Comparative Example 5] Manufac ture of a dou^ 
^^r^^^ using hydrophilic mo nomers, hydrop hilic 
goj^mers, and polar grafting agents 

A toner was manufactured in the same method as that 
in Preferred Embodiment 2 or 4 except that hydrophilic 
monomers and hydrophilic polymers were not added. 

.0 [Testing Example 1] Measurement ^ the sizes of 

toner particles 

The sizes of toner particles manufactured in 
Preferred Embodiments 1 to 4 and Comparative Examples 1 and 
15 2 were measured by using a multisizer Coulter counter, of 
which results were shown in Figure 3. 

As seen in the graph of Figure 3, if hydrophilic 
monomers of Preferred Embodiment 1 were added, toner 
particles generally have a size of about 6.1 micrometers, 
20 which was the same as that of the case in which no 
hydrophilic monomers in Comparative Example 1 were added. 
It was because, in case of hydrophilic monomers, co- 
polymers were formed randomly with other monomers at the 
outer side of particles during polymerization, and thus, 
25 the particle sizes were not affected greatly. Here, it was 
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seen that the ei.es were increased to 6.1 to 7.2 
aerometers (77, if a shell was made in the rigid layer, 
which implies that the double-layered structure was formed 
successfully- 

It was also seen that, if hydrophilic polymers were 
added, the si.es of toner particles were increased to 6.1 
eo 6.5 micrometers compared to the case that hydrophilic 
monomers were used. It was because hydrophilic polymers 
form thin layers at the outer side of particles after 
10 polymerization. Further, if a shell of the hard portion 
was made once again to improve weatherability , the sizes 
were increased to 6.5 to 7.5 micrometers, which . implied 
that another layer was formed over the hydrophilic polymers. 



15 



[Testing Example 2] Mninnr^nt of the shapes of 
toner particles 



The shapes of toner particles manufactured in 
Preferred Embodiments 2 to 4 and Comparative Examples 3 to 
» 5 were measured by using a scanning electron microscope 
(SEM) . The results of measurement were shown in Figure 4. 

As seen in the SEM photograph of Figure 4(a), in 
cases of Preferred Embodiments 2 to 4 in which a shell in 
the hard portion was made by using polar grafting agents, 
25 toner particles were spherical particles having the surface 
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with almost no curves. This was the same in Preferred 
Embodiment 1 and Comparative Examples 1 and 2 . However, it 
was difficult to find out whether the layers were formed 
from SEM, and whether the layers were formed may be known 
5 indirectly through the difference in sizes mentioned in the 
above . 

According to the SEM photograph of Figure 4(b), in 
case of Preferred Embodiment 3 in which hydrophilic 
polymers were added, the surface of particles was shown to 
,„ be curved contrary to the previous case. Here, it was seen 
indirectly that hydrophilic polymers form new layers at the 
outer side of the toner. 

As seen in the SEM photograph of Figure 4 Cc) , if a 
shell of the hard layer was made without adding polar 
15 grafting agents, light and darkness were shown as seen in 
the photograph. Here, the black portion was a domain 
created when the styrene-group monomer inputted in order to 
form the shell fail to form the layer efficiently but was 
diffused into the relatively non-polar core. 
20 The approximate double- layered structure of the toner 

according to Preferred Embodiment 2 was as shown in Figure 
1, where the first layer (4) of toner particles was a soft 
layer, over which surface the pigment and charge control 
agent were gathered; and the second layer (5) was a rigid 
25 layer, over which a thin shell was formed. And an 
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approximate triple-layered structure of the toner according 
to Preferred Embodiment 4 was as shown in Figure 2, where 
the second layer (2) was a polar polymer layer, over which 
the pigment and charge control agent were gathered; and the 
5 second layer (3) was a rigid layer over which a thin shell 
is formed. 

[Testing Example 3] Measurement of the amount of 
charging and image con centration 

10 

The toners manufactured in Preferred Embodiments 1 
through 4 and Comparative Examples 1 through 5 were mixed 
with 2 parts by weight of surface-processed silica RY200S, 
and stirred in a blender at a speed of 3,000 rpm for 3 

15 minutes in order to process the surface. Their amounts of 
charging were measured in the suction method in an HP4500 
printer, of which results were shown in Table 1 below; and 
the image concentrations of sheets of paper printed were 
measured, of which results were also shown in Table 1 

20 below : 



[Table 1] 
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Sample number 


Amount of 
charging 
(uC/g) 


Image 
concentration 


Preferred Embodiment 1 


-50 


1.5 


Preferred Embodiment 2 


-46 


1.5 


Preferred Embodiment 3 


-54 


1.5 


Preferred Embodiment 4 


-49 


1.5 


Comparative Example 1 


-21 


1.3 


Comparative Example 2 


-19 


1.3 


Comparative Example 3 


-48 


1.4 


Comparative Example 4 


-44 


1-4 


Comparative Example 5 


-19 


1.3 



As shown in the above Table 1, in view of Preferred 
Embodiments 1 and 2 of the present invention, the affect of 
the formation of a hard shell at the outer side of 
particles on the amount of charging of the toners is very 
insignificant. However, it is seen that Comparative 
Example 1, in which no hydrophilic monomers or hydrophilic 
polymers are put into, has low amount of charging and image 
concentration values compared to Preferred Embodiments 1 to 
3, in which hydrophilic monomers and hydrophilic polymers 
are put into. It is seen from the above results that the 
addition of hydrophilic monomers and hydrophilic polymers 
has a great affect on the amount of charging and color 
concentration of the toners, but the rigid layered 
structure at the outermost side is not greatly related t6 
the amount of charging and color concentration of the 
toners . 



[Testing Example 4] Measurement of wate rproofing and 
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weatherabilitv of ton ers 



in order to study how affective the shell portion 
forroin, the outermost side of the toner is on moisture and 
, temperature, thermohydrostatic experiments were performed, 
in the pyrohumid test (30»C/RH 80%), cartridges were put 
into a thermohydrostat and left for about 10 hours to allow 
saturation. Thereafter, a printer was put into a 
tnermohydrostat in order to perform the 100-sheet short- 
10 term te3t , and waste. Q/«. and printin g efficiency were 
measured. All of PCR was cleaned before and after the 
pyrohumid evaluation. 



[Table 2] 


Amount of consumption 
(a) 


Rate of printing 
(%) 


. 

Preferred Embodiment 
1 





73 


Preferred Embodiment 
2 


2.1 


94 


Preferred Embodiment 


4.5 


70 


3 

Preferred Embodiment 


2.4 


91 


4 

Comparative Example 
1 


3.6 


82 


Comparative Example 
2 


2.4 


91 


Comparative Example 
3 


4.0 


76 


Comparative Example 


4.1 


75 


4 

Comparative Example 
5 


4.7 


69 
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Preferred Entoodiments 1 and 3 having no rigid-shell 
structure, cohered to Preferred Embodiments 2 and 4 having 
a rigid-shell structure, the toner is not printed to sheets 
o£ paper during printing, the amount of waste remained in 
5 cartridges is very large, and the printing rate is lowered 

sensitive to moisture and temperature as there exists the 
non-polar shell layer. It is also seen that, in Preferred 
sediments 1 to 3 having hydrophilic monomers or polymers, 
,. compared to Comparative Example 1 having no hydrophilic 
monomers or polymers relatively, the amount of waste and 
printing rate are lowered. it seems to he that the toner 
becomes more sensitive to moisture as hydrophilic monomers 
or hydrophilic polymers are put into the toner. Therefore, 
15 in order to manufacture a weatherproof toner that is 
tolerant to moisture or ten^erature change, the outermost 
side of the toner should he equipped with a rigid-shell 
structure . 

As illustrated in the above, the present invention is 
2 „ a useful invention in that it provides with toners that can 
prevent entangling due to moisture as the double or triple 
layers are included and improve weatherability . 

While certain present preferred embodiments of the 
invention have been shown and described, it is to be 
25 distinctly understood that the invention is not limited 
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thereto but may be otherwise variously embodied and 
practiced within the scope of the following claims: 
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